A Gram-stain-positive actinobacterium, designated strain SCSIO 15020 T , was isolated from sediment of the South China Sea, and characterized by using a polyphasic approach. The temperature range for growth was 24-60 6C, with optimal growth occurring at 50 6C. The pH range for growth was 6-10 (optimum pH 8-9). The NaCl concentration range for growth was 0-5 % (w/v). The peptidoglycan type was A4a. Polar lipids contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside and an unknown polar lipid. The major menaquinone was MK-8(H 4 ); MK-7(H 4 ) was present as a minor component. The major fatty acids (.5 %) were anteiso-C 15 : 0, iso-C 15 : 0 and iso-C 16 : 0 . The DNA G+C content of strain SCSIO 15020 T was 73.2 mol%. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain SCSIO 15020 T belonged to the genus Georgenia, with the closest neighbours being Georgenia muralis 1A-C T (96.3 % similarity), Georgenia thermotolerans TT02-04 T (95.7 %) and Georgenia ruanii YIM 004 T (95.6 %). Based on evidence from the present polyphasic study, strain SCSIO 15020 T is considered to represent a novel species of the genus
The genus Georgenia was proposed by Altenburger et al. (2002) with a single species Georgenia muralis, which was isolated from a medieval wall painting in the church of St Georgen in Styria, Austria. At the time of writing, the genus Georgenia consists of seven recognized species, namely G. muralis (Altenburger et al., 2002) , Georgenia ruanii (Li et al., 2007) , Georgenia thermotolerans (Hamada et al., 2009) , Georgenia soli (Kämpfer et al., 2010) , Georgenia halophila (Tang et al., 2010) , Georgenia satyanarayanai (Srinivas et al., 2012) and Georgenia daeguensis (Woo et al., 2012) . Members of the genus are Gram-positive, aerobic or facultatively anaerobic, non-sporulating, and oxidase-and catalase-positive, with MK-8(H 4 ) as the predominant menaquinone. The peptidoglycan type is A4a with lysine as the diagnostic cell-wall diamino acid, and DNA G+C contents range from 66.2 to 73.4 mol%. Here we describe the morphological, physiological, chemotaxonomic and phylogenetic characteristics of strain SCSIO 15020 T . Based on the results of the present taxonomic study, this strain is considered to represent a novel species of the genus Georgenia.
Strain SCSIO 15020
T was isolated from a sediment sample collected from the South China Sea (108 u 59.6589 E 7 u 55.4049 N) at a depth of 141 m after 1 week's incubation at 55 u C on R2A medium (BD). The strain was essentially cultivated on marine agar 2216 (MA; BD) at 50 u C unless otherwise stated and stored as aqueous glycerol suspensions (20 %, v/v) at 280 u C. throughout a tube containing semisolid medium (Leifson, 1960) . Colony colours were determined by using the ISCC-NBS colour charts (Kelly 1964 ). Anaerobic growth was tested on MA plates in an anaerobic jar (Mitsubishi Gas Chemical) at 50 u C; an anaeropack (Mitsubishi Gas Chemical) was used to remove oxygen, and 1 mg resazurin l 21 was added to the medium as an oxygen indicator. Strains were incubated on MA medium at 50 u C for 3 days, and morphological properties such as cell shape and cell size were observed every 12 h using a light microscope (Nikon Eclipse E600). Growth at 20, 24, 28, 37, 40, 50, 55, 60 and 65 u C was tested in 3 ml marine broth 2216 for 72 h in water baths and examined for turbidity at 24 h intervals. The pH range for growth (pH 4, 5, 6, 7, 8, 9 , 10 and 11) using the buffer system described by Xu et al. (2005) and NaCl tolerance (0, 1, 3, 5, 7 and 10 %, w/v) were tested at 50 uC for 7 days by culturing the strain on the basal medium, which contains 1 g peptone l 21 and 0.5 g yeast extract l
21
. Catalase activity was detected by the production of bubbles after the addition of a drop of 3 % (v/v) H 2 O 2 . Oxidase activity was detected using oxidase activity test strips (Guangdong HuanKai Microbial SCI. & Tech). Gelatin hydrolysis was determined by incubating strain SCSIO 15020
T at 50 u C for 1 week on peptone-gelatin medium (per litre distilled water: 5 g peptone and 120 g gelatin, pH 7.2-7.4), and observation was carried out after cooling the medium to ambient temperature. Milk coagulation and peptonization were determined by using 20 % (w/v) skimmed milk as the medium with incubation for 1 week at 50 u C. Other physiological and biochemical tests were performed by using the API ZYM and API 50 CH systems (bioMérieux) according to the manufacturer's instructions.
Antibiotic sensitivity of strain SCSIO 15020 T was tested by using nutrient agar medium and sensi discs. The following antibiotics were used: amikacin (30 mg), amoxicillin (10 mg), ampicillin (10 mg), chloromycetin (5 mg), ciprofloxacin (5 mg), erythromycin (15 mg), gentamicin (10 mg), lincomycin (2 mg), methoxypyrimidine (5 mg), neomycin (30 mg), netilmicin (30 mg), norfloxacin (10 mg), novobiocin (5 mg), penicillin (10 mg), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg), tobramycin (10 mg) and vancomycin (30 mg).
The peptidoglycan of strain SCSIO 15020 T was analysed according to published protocols (Schumann, 2011) . Menaquinones and polar lipids were analysed from cells grown in marine broth at 50 u C (180 r.p.m.) for 3 days. Menaquinones were extracted and purified as described by Collins et al. (1977) and were analysed by HPLC (Groth et al., 1997) . Polar lipids were examined by two-dimensional TLC and identified using published procedures (Minnikin et al., 1979; Collins & Jones, 1980) . Fatty acids of strain SCSIO 15020
T and reference strains were analysed from cells grown on trypticase soy agar (TSA; BD) at 50 or 37 u C for 48 h. The whole-cell fatty acid pattern was determined by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. The resulting profiles were identified using the software package Sherlock Version 4.1 (MIDI database: TSBA6). The G+C content of the DNA was determined using the HPLC method (Mesbah et al., 1989) .
Genomic DNA for PCR amplification was prepared as follows: a small amount of biomass was transferred from solid medium to a 1.5 ml sterile Eppendorf tube, 100 ml of 10 % chelex-100 was added, vortexing was carried at maximum speed for 1 min and the sample was boiled for 10 min. The tube was centrifuged for 10 min at 12 000 r.p.m., the equivalent centrifugal force is 12,396 g and the suspension was used as template for PCR. PCR amplification and 16S rRNA gene sequencing were achieved using procedures described by Li et al. (2007) . The BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) were used to compare the sequence obtained with available 16S rRNA gene sequences. Sequences were aligned by using CLUSTAL X (Thompson et al., 1997) and phylogenetic analysis was performed using the software package MEGA version 5.0 (Tamura et al., 2011) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods. The topologies of the phylogenetic trees were evaluated by using the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
Strain SCSIO 15020
T formed circular, olive brown colonies which were about 0.2-0.3 mm in diameter after 3 days of incubation on MA. Cells were Gram-stain-positive, facultatively anaerobic, non-motile rods. Growth occurred at 24-60 u C and pH 6-10 in the presence of 0-5 % (w/v) NaCl, with optimal growth at 50 u C and pH 8-9 and in the presence of 1-3 % (w/v) NaCl. Strain SCSIO 15020
T was sensitive to amikacin, amoxicillin, ampicillin, chloromycetin, ciprofloxacin, erythromycin, gentamicin, lincomycin, neomycin, netilmicin, novobiocin, penicillin, rifampicin, streptomycin, tetracycline, tobramycin and vancomycin, but resistant to methoxypyrimidine and norfloxacin. Other physiological and biochemical properties are summarized in Table 1 and the species description.
The hydrolysate of the peptidoglycan (4 M HCl, 16 h at 100 u C) of strain SCSIO 15020 T contained Ala, Gly, Asp, Glu and Lys at a molar ratio of 2.7 : 1.2 : 0.5 : 2.4 : 1.0. Twodimensional TLC of the partial hydrolysate of the peptidoglycan (4 M HCl, 0.75 h at 100 u C) revealed the presence of L-Ala-D-Glu/D-Ala-L-Glu, L-Lys-D-Ala, L-LysGly and D-Ala-L-Lys-Gly. Dinitrophenylation revealed that glutamic acid represents the N terminus of the interpeptide bridge. On the basis of these results the peptidoglycan type of strain SCSIO 15020 T was determined as A4a (LLys-Gly-L-Glu), murein type A11.54 (http://www.dsmz.de/ catalogues/catalogue-microorganisms/specific-catalogues/ peptidoglycans.html.). The menaquinones were MK-8(H 4 ) (92.3 %) and MK-7 (H 4 ) (7.6 %). The major polar lipids detected were diphosphatidylglycerol and phosphatidylinositol, along with minor or trace amounts of phosphatidylglycerol, phosphatidylinositol mannoside and an unknown polar lipid (Fig. S1 available in IJSEM Online). The major fatty acids (.1 %) were anteiso-C 15 : 0 (62.24 %), iso-C 15 : 0 (17.58 %), iso-C 16 : 0 (5.07 %), C 16 : 0 (4.74 %), iso-C 14 : 0 (3.47 %), anteiso-C 17 : 0 (2.07 %), anteiso A-C 15 : 1 (1.86 %) and C 14 : 0 (1.45 %). The DNA G+C content of strain SCSIO 15020 T was 73.2 mol%. All these chemotaxonomic properties of strain SCSIO 15020 T are consistent with its classification in the genus Georgenia.
16S rRNA gene sequence comparison showed clearly that strain SCSIO 15020
T was a member of the suborder Micrococcineae. Moreover, it clustered with all members of the genus Georgenia (Fig. 1 and Fig. S2 ). Highest sequence similarity was shown to G. muralis 1A-C T (96.3 %), G. thermotolerans TT02-04 T (95.7 %) and G. ruanii YIM 004 T (95.6 %). The phylogenetic analysis result was confirmed by a high bootstrap resampling value and stable tree structure retrieved with different tree-making methods ( Fig. 1 and Fig.  S2 ). Therefore, phylogenetic analysis supported the addition of strain SCSIO 15020 T to the genus Georgenia.
Phylogenetic analysis and chemotaxonomic characteristics, such as DNA G+C content, peptidoglycan type A4a, anteiso-C 15 : 0 as the major fatty acid and MK-8(H 4 ) as the predominant menaquinone, supported that strain SCSIO 15020 T was a member of the genus Georgenia. However, strain SCSIO 15020 T could be distinguished from recognized species of the genus Georgenia based on phylogenetic and phenotypic evidence. In the phylogenetic tree, it formed a distinct branch in the Georgenia cluster. Moreover, strain SCSIO 15020
T was able to grow at 60 u C, with an optimum growth temperature of 50 u C, which was significantly higher than that of other known species of the genus Georgenia.
Other different physiological and biochemical characteristics further distinguished strain SCSIO 15020 T from its closest neighbours (Table 1 ). In addition, the fatty acid profile also differentiated strain SCSIO 15020
T from its closest neighbours in the genus Georgenia (Table 1 and Table S1 ). Therefore, strain SCSIO 15020
T is considered to represent a novel species of the genus Georgenia, for which the name Georgenia sediminis sp. nov. is proposed.
During the phylogenetic analysis of strain SCSIO 15020 T , it was observed that Oceanitalea nanhaiensis JLT1488 T (Fu et al., 2012) and G. satyanarayanai JC82
T (Srinivas et al., 2012) formed a stable clade within the genus Georgenia with a bootstrap value of 100 % ( Fig. 1 and Fig. S2 ), and the 16S rRNA gene sequence similarity between them was 99.5 %. This result indicated that strain JLT1488
T should be classified as a member of the genus Georgenia. However, strain JLT1488
T has a different fatty acid profile and significantly lower genomic DNA G+C content as compared with those of other members of the genus Georgenia (Fu et al., 2012) . To make a comprehensive comparison, parallel experiments need to be carried out between strains JLT1488
T and JC82 T and DNA-DNA hybridization is mandatory.
Description of Georgenia sediminis sp. nov.
Georgenia sediminis (se.di9min.is. L. gen. n. sediminis of sediment).
Cells are Gram-stain-positive, facultatively anaerobic, nonmotile, non-spore-forming rods (161-3 mm). Oxidaseand catalase-positive. Growth occurs at 24-60 u C, with an optimum of 50 u C. Growth occurs in the presence of 0-5 % (w/v) NaCl (optimum 1-3 %) and at pH 6-10 (optimum pH 8-9). Susceptible to amikacin (30 mg), amoxicillin (10 mg), ampicillin (10 mg), chloromycetin (5 mg), ciprofloxacin (5 mg), erythromycin (15 mg), gentamicin (10 mg), Z.-Q. You and others
